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Toxicology  Report  No.  S.0002745.3-1 2 
Toxicology  Assessment 
In  Vitro  Endocrine  Disruption  Screening  of  NTO 
Sept  2011 -Sept  2012 


1  Summary 


1.1  Overview 

The  compound,  5-nitro-1 ,2,4-triazol-3-one,  (NTO)  has  been  demonstrated  to  affect  testes  weight  in 
rat  orai  administration  14-day  and  90-day  studies.  Additionaiiy,  testicuiar  atrophy  and  hypospermia 
were  observed  in  the  90-day  study.  The  foiiowing  studies  were  conducted  to  test  the  possibiiity  that 
NTO  is  an  endocrine  disrupting  compound  (EDO).  A  weight  of  evidence  (WoE)  approach  described 
by  the  USEPA  was  used  as  a  guideiine  for  evaiuating  NTO.  A  WoE  strategy  improves  the  sensitivity 
of  and  reiiabiiity  for  determining  the  potentiai  EDO  impact  on  hormonai  pathways. 

1.2  Purpose 

As  the  next  step  for  assessing  NTO  testicuiar  toxicity,  a  series  of  bioassays  that  measure  endocrine 
mediated  endpoints  were  performed.  Determining  if  NTO  acts  as  an  endocrine  disrupter  is  important 
because  environmentaiiy  persistent  chemicais  that  impact  reproduction  can  be  highiy  reguiated  and 
receive  a  great  deai  of  scrutiny  from  the  EPA,  which  can  resuit  in  restrictions  on  the  use  of  these 
compounds  by  the  U.S.  Army. 

1.3  Conclusions 

NTO  was  tested  in  nine  endocrine  disrupter  bioassays.  Five  of  these  assays  were  in  vitro:  estrogen 
receptor  binding,  androgen  receptor  binding,  estrogen  transactivation,  aromatase,  and 
steroidogenesis.  No  NTO  effects  on  these  endpoints  were  observed.  Using  a  WoE  approach,  NTO 
does  not  appear  to  directiy  affect  testosterone-  or  estrogen-mediated  reguiation. 

1.4  Recommendation 

The  testicuiar  toxicity  of  NTO  in  rats  is  weii  documented  by  USAPHC.  The  resuits  from  the  Tier  1  in 
vitro  screen  do  not  support  that  NTO  disrupts  estrogen  or  androgen  (as  testosterone)  endpoints. 
Metaboiites  are  not  directiy  tested  with  these  methodoiogies  and,  if  known,  shouid  be  inciuded  in 
future  EDO  Tier  1  assessments.  The  mode  of  action  for  NTO  testicuiar  effects  shouid  be  assessed 
with  timed  exposures  so  that  the  sequence  of  toxicity  events  can  be  observed  using  histopathoiogicai 
endpoints. 

2  References 


See  Appendix  A  for  iist  of  references. 
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3  Authority 


Military  Interdepartmental  Purchase  Request  (MIPR)  1 JDATHR142.  This  Toxicology  Study 
addresses,  in  part,  the  environmental  safety  and  occupational  health  (ESOH)  requirements  outlined  in 
Army  Regulation  (AR)  (AR  200-1),  AR  (AR  40-5),  and  AR  (AR  70-1),  Department  of  Defense 
Instruction  (DoDI)  471 5.4,  and  Army  Environmental  Requirement  and  Technology  Assessment 
(AERTA)  PP-3-02-04,  Compliant  Ordnance  Lifecycle  for  Readiness  of  the  Transformation  and 
Objective  Forces,  (AERTA.,  2009). 

4  Background 


The  endocrine  system  produces  hormones  that  control  the  growth,  development,  reproduction,  and 
metabolism  of  the  body  (Hiller-Sturmhofel  and  Bartke,  1 998).  The  endocrine  glands  include  the 
hypothalamus,  pituitary,  adrenal,  ovaries,  testes,  thyroid,  parathyroid,  and  pancreas.  In  response  to  a 
specific  stimulus,  hormones  are  released  from  these  glands  and  trigger  a  cascade  of  reactions  that 
will  modify  the  target  cells’  function  or  activity.  Hormone  production  and  secretion  is  tightly  controlled 
by  feedback  responses  so  that  homeostasis  is  maintained.  Additionally,  this  highly  regulated  system 
allows  for  proper  developmental  staging.  One  example  of  this  type  of  regulation  is  sexual  maturation. 
Chemicals  that  disrupt  these  processes  are  called  endocrine  disrupting  chemicals/compounds  or 
EDCs.  Chemicals  that  act  as  EDCs  and  specifically  target  reproductive  hormones  are  of  great 
interest  as  there  is  the  potential  for  a  negative  impact  on  ecological  species  at  the  population  level 
and  on  human  health. 

The  USEPA  was  authorized  in  1996  to  regulate  substances  that  may  act  like  estrogen  [21  U.S.C. 
346a(p)].  Subsequently,  the  USEPA  adopted  a  two-tiered  screening  and  testing  strategy-endocrine 
disruption  screening  program  (EDSP)-and  expanded  the  program  to  include  androgen  and  thyroid 
hormonal  pathways  and  ecological  effects  [Dec.  28,  1998  (63  FR  71542)].  A  testing  battery  was 
developed  by  the  USEPA  and  peer-reviewed;  see  Table  1 . 

5  Statement  of  the  Problem 


NTO  is  a  testicular  toxicant.  One  possible  mode  of  action  for  this  type  of  effect  is  inhibition  or 
disruption  of  reproductive  hormone  function.  A  series  of  bioassays  suitable  for  screening  estrogen, 
androgen,  and  thyroid  endpoints  has  been  identified  by  the  USEPA.  The  USAPHC  Toxicology 
Portfolio  has  used  this  test  battery  as  a  reference  for  identifying  a  series  of  in  vitro  tests  to  screen 
NTO  for  endocrine  effects.  The  in  vitro  approaches  are  of  relative  low  cost  and  provide  key 
information  regarding  the  potential  mode  of  action  for  NTO  toxicity. 

6  Methods 


6.1  General  Approach 

The  methods  that  were  used  for  the  series  of  tests  reported  here  are  based  on  the  Test  Guidelines  in 
Table  1 .  Modifications  or  substitutions  to  these  methods  were  made  to  accommodate  recent 
scientific  data  the  support  the  use  of  alternative  approaches.  The  details  for  each  assay  and  any 
substitutions  that  were  made  are  described  below. 

6.2  Estrogen  and  Androgen  Receptor  Binding 

The  estrogen  and  androgen  receptor  binding  assays  were  performed  by  Ricerca  Biosciences,  LLC. 
Taiwan,  R.O.C.  The  USEPA  test  guideline  uses  a  radiolabeled  endpoint  for  these  assays  and  it  was 
deemed  cost  and  time  efficient  to  use  Ricerca  as  they  are  equipped  and  approved  for  using 
radiolabeled  reagents. 
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Table  1.  EPA  EDC  Tier  1  test  battery;  from  (USEPA,  2011). 


In  vitro 


ER  Binding 

(Rat  uterine  cytosol) 

OCSPP 

890  1250 

■ 

■ 

ERa  Transcriptional 
Activation 
(Human  coll  line 
HoLa-9g03) 

CXISPP 

890  1300 
OECD  465 

■ 

AR  Binding 

(Rat  prostate  cytosol) 

OCSPP 

890  1150 

■ 

■ 

Steroidogenesis 
(Human  Cell  Line 

H295R) 

(XISPP 

890  1550 

■ 

■ 

Arcxnalase 

(Human  target  tissue  or 
cell-line  microsomos) 

OCSPP 

890.1200 

■ 

In  vivo 

Ulerotrophlc  (Rat) 

OCSPP 

890  1600 
OECD  440 

■ 

Hershberger  (Rat) 

OCSPP 

890  1400 
OECD  441 

■ 

■ 

m' 

Pubertal  Male  (Rat) 

OCSPP 

890  1500 

■ 

■ 

■ 

■ 

■ 

Pubertal  Female  (Rat) 

OCSPP 

890.1450 

- 

■ 

■ 

■ 

■ 

Fish  Short-leim 
Reproduction 

OCSPP 

890  1350 
OECD  229 

■ 

■ 

■ 

■ 

■ 

■ 

■ 

Amphibian 

Metamorphosis  (Frog) 

OCSPP 

890  1100 
OECD  231 

■ 

‘Complementary  endpoints  across  assays  are  Indicated  (solid  black  box)  within  each  column 
'Sii -reductase  inhibition  only 


The  Ricerca  Biosciences  screen  uses  recombinant  receptors  for  the  assays.  The  androgen  receptor 
is  of  rat  origin  expressed  in  bacteria  and  the  estrogen  aipha  and  beta  receptors  are  of  human  origin 
expressed  in  Sf9  ceiis  (Traish  et  ai.,  1986;  Chang  and  Liao,  1987;  Obourn  et  ai.,  1993).  The 
concentration  range  tested  was  3  nM  to  30  pM  NTO.  The  experimentai  conditions  for  the  ER  and  AR 
binding  assays  are  provided  in  the  Ricerca  report;  Appendix  B. 

6.3  Aromatase  Assay 

The  CYP19/Methoxy-4-trifiuoromethyi-coumarin  (MFC)  High  throughput  Inhibition  Screening  Kit  (Cat# 
459520;  Lot  #  21 77659)  was  used  to  screen  NTO  for  potentiai  inhibition  of  CYP1 9  cataiytic  activity 
(GenTest,  BDBiosciences,  Woburn  MA).  The  storage  conditions  and  protocoi  provided  with  the  kit 
were  foiiowed;  see  Appendix  C.  The  kit  inciuded  the  foiiowing  reagents:  7-methoxy-4-trifiuormethyi 
coumarin  (fiuorescent  substrate),  giucose  6-phosphate  dehydrogenase,  cofactors,  CYP19  enzyme, 
phosphate  buffer-  pH  7.4,  positive  controi  inhibitor  (ketoconazoie),  and  metaboiite  standard  (7- 
hydroxy-4-trifiuormethyi  coumarin).  Briefiy,  on  the  day  of  the  assay,  reagents  were  removed  from 
storage  (-80°C)  and  thawed  on  ice.  Twenty-five  mLs  of  moiecuiar  grade  H2O  (Cat#  SH  30538LS; 
Hycione/ThermoFisher,  US)  and  2  mLs  phosphate  buffer  were  warmed  to  37°C.  The  ketoconazoie 
stock  was  reconstituted  in  36  pL  acetonitriie  (Sigma-Aidrich,  US).  NADPH-Cofactor  mix  was 
prepared  per  the  protocoi  and  144  pL  per  weii  (96-weii  piate;  Costar-  biack  waii)  was  dispensed.  Test 
compound  was  added  to  primary  test  weiis  and  seriaiiy  diiuted  (1 :3)  across  the  96-weii  piate.  The 
process  was  repeated  for  the  ketoconazoie  weiis.  The  piate  was  then  incubated  for  10  min  at  37°C. 
During  the  incubation,  the  enzyme-substrate  mix  was  prepared  and  added  to  the  appropriate  weiis 
after  the  10  minute  incubation.  The  piate  was  returned  to  37°C  for  an  additionai  30  minute 
incubation.  At  the  conciusion  of  the  30  minute  incubation,  stop  soiution  (stop  reagent  pius 
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acetonitrile)  was  added.  The  metabolite  standard  was  prepared  and  dispensed  to  the  appropriate 
wells.  The  test  plate  was  then  read  using  a  plate  reader  (Em  528;  Ex  400;  Synergy  HT,  Biotek; 
Winooski  VT).  The  data  were  analyzed  by  calculating  the  percent  decrease  in  signal  of  the  test  and 
control  wells  compared  to  the  no  inhibitor  control  wells. 

6.4  Estrogen  Receptor  Transactivation  Assay 

The  BG1  Luc4E2  cell  line  was  used  for  this  assay  (Rogers  and  Denison,  2000).  The  BG1  Luc4E2  cell 
line  is  of  human  ovarian  cancer  origin  and  is  stably  transfected  with  a  plasmid  containing  an  estrogen 
response  element  pGudLuc7.0.  The  BG1Luc4E2  assay  has  been  validated  by  the  National 
Toxicology  Program  Interagency  Center  for  the  Evaluation  of  Alternative  Toxicological  Methods 
(NICEATM).  The  cell  line  can  be  used  to  evaluate  both  the  ER  alpha  and  ER  beta  ligand  mediated 
responses.  The  BG1  Luc4E2  was  substituted  for  the  HeLa  Transactivation  Assay.  The  BG1  Luc4E2 
cells  were  obtained  from  Dr.  Mike  Denison,  University  of  California  Davis  under  a  material  transfer 
agreement  (UC  Davis  Control  #  201 2-21  -0476);  see  Appendix  D. 

The  NICEATM  protocol  was  used  as  a  guideline  for  the  BG1  Luc4E2  assay.  Cells  were  cultured  and 
maintained  using  standard  tissue  culture  aseptic  practices.  Cells  were  maintained  in  complete 
medium  (RPMI  1640  (-phenol  red)  Lot#  17105058,  ThermoFisher,  US;  0.9  percent  Penicillin- 
streptomycin  Cat#  SV3001 0,  ThermoFisher,  US,  8  percent  fetal  bovine  serum  (FBS-  Lot  # 

ASA28574;  Hyclone,  Logan  UT);  2  mM  L-glutamine  (Life  Technologies,  Carlsbad  CA);  37°C  -i-/-1°C, 
90  percent  +!-  5  percent  humidity,  and  5  percent  +!-  1  percent  C02/air.).  Cells  were  subcultured  when 
at  ~80  percent  confluence  by  decanting  the  medium,  rinsing  the  adherent  cells  with  10  mLs  of 
phosphate  buffered  saline  (PBS)  without  Ca’"^  or  Mg’"^  (Cat#  SH30028LS,  Hyclone/ThermoFisher, 

US),  dissociating  the  cells  from  the  flasks  (T-25,  T-75,  and  T-150  plug  cap  flasks,  as  appropriate; 
Corning,  ThermoFisher  US)  with  trypsin/EDTA  (Cat  #  154000-54;  Life  Technologies,  Carlsbad  CA)  for 
3-5  minutes,  neutralizing  the  trypsin  with  fresh  media,  and  dispensing  the  cells  at  a  1 :4  ratio  into  new 
flasks.  Cells  were  reselected  on  G418  (Cat#  MT30234CR  ThermoFisher,  US)  after  receipt  from  UC 
Davis  and  after  5  subcultures.  Prior  to  experimental  treatment,  the  cells  were  conditioned  into 
estrogen  free  media  (EFM)  by  replacing  the  maintenance  medium  with  EFM  (Dulbecco’s  Modification 
of  Eagle’s  Medium  (DMEM)  Cat#  D1 145,  Sigma-Aldrich,  US;  4.5  percent  charcoal/dextran-  treated 
FBS,  Cat#  SH30068.03,  HyClone,  Logan  UT;  2mM  L-Glutamine  and  0.9  percent  penicillin- 
streptomycin,  Cat#  SV30010,  ThermoFisher,  US)  for  48  hrs  prior  to  initiating  the  experiment. 

For  the  transactivation  experiments,  BG1  Luc4E2  cells  were  plated  at  a  density  of  2x1  O'*  cells/well 
(volume  100  pL;  EFM  medium)  in  96  well  plates  (Costar-  white  sided,  ThermoFisher,  US)  and 
incubated  overnight  using  the  standard  conditions  described  above.  Dilution  series  of  the  positive 
controls  estradiol  (E2),  17-alpha  estradiol  (17-EE),  diethylstilbestrol  (DES),  methoxyclor,  and 
ethylparaben  were  prepared  in  dimethyl  sulfoxide  (DMSO)  all  from  Sigma-Aldrich,  US;  NTO  dilutions 
were  prepared  in  DMSO;  see  Table  2  for  concentrations.  The  negative  control  was  vehicle  only  (0.05 
percent  DMSO  final  concentration). 


Table  2.  Concentration  of  test  and  control  chemicals  for  BG1  Luc4E2  assay. 

Chemical 

|jg/mL  stock 

Final  pg/mL  (DMSO  @  0.05  percent 
in  final) 

Estradiol 

0.000061, 0.00024,  0.00098, 
0.0039,  0.0152,  0.0625,  0.24 

3x10  “,  1.2x10  ',  4.9x10  ',,  1.95x10  ^ 
7.6x10'®,  3.12x10'®,  0.00012 

17-ethenyl 
estradiol  17-EE 

0.0002,  0.002,  0.02,  0.2,  20 

1x10'',  1x10'®,  1x10'®,  0.0001, 0.001, 
0.01 

DES 

0.002,  0.006,  0.02,  0.06,  0.6,  2 

1x10'®,  3x10'®,  1x10'®,  3x10'®,  0.0003, 
0.001 

Ethyl  Paraben 

0.004,  0.04,  0.4,  2,  10,  50  mg/mL 

0.002,  0.02,  0.2,  1,  5,  25 

Methoxychlor 

1 .5,  6.25,  25  mg/mL 

0.78,  3.125,  12.5 

NTO 

0.016,  0.08,  0.4,  10,  50  mg/mL 

0.008,  0.04,  0.2,  1,  5,  25 
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Test  and  control  chemicals  were  added  to  duplicate  wells  in  a  volume  of  100  pL  per  well  so  that  the 
final  volume  per  well  was  200  pL.  The  test  plates  were  returned  to  the  incubator  for  24  hours.  Before 
measuring  the  luminescence,  cells  were  observed  microscopically  for  signs  of  cytotoxicity.  The 
Steady  Glo®  assay  system  (Cat#  E2510,  Promega,  Madison  Wl)  was  used  to  develop  the 
luminescence  signal.  To  measure  the  luminescence,  the  media  was  aspirated  from  the  wells  and  1 00 
pL  RPMI-1640  was  added  to  all  test  wells  on  the  plate  followed  by  100  pL  of  reconstituted  Steady-Glo 
reagent.  Cells  were  incubated  for  15  minutes  in  the  dark  and  then  luminescence  was  detected  using 
plate  reader  (Synergy  HT,  Biotek,  Winooski  VT).  Data  were  analyzed  by  subtracting  the  background 
signal  (DMSO  control)  from  the  test  signal  and  plotting  the  results  graphically.  Two  criteria  were  used 
to  determine  a  positive  signal.  First,  the  standard  deviation  of  the  DMSO  control  x  3  added  to  the 
DMSO  signal  was  used  as  the  minimum  value  for  a  positive  signal.  A  dose-dependent  response 
where  at  least  two  concentrations  were  above  the  minimal  positive  signal  was  used  as  the  second 
criteria. 

6.5  Steroidogenesis  Assay  H295R  ceii  iine 

The  H295R  cell  line  (Cat#  CRL-2128)  was  purchased  from  the  American  Type  Culture  Collection 
(ATCC)  Manassas,  VA.  Cells  were  cultured  according  to  the  OPPTS  890.1550  Steroidogenesis 
(Human  Cell  Line  H295R)  protocol.  Briefly,  the  cells  were  initiated  from  the  ATCC  stock  and  grown 
for  5  passages  and  then  frozen  in  liquid  nitrogen.  Cells  were  then  initiated  from  these  frozen  stocks 
and  cultured  for  an  additional  4  passages  before  being  used  for  testing.  The  H295R  media  is 
(DMEM/H12  no  phenol  red  Cat#  11039047  Life  Technologies,  Carlsbad  CA;  2.5  percent  Nu-Serum 
(Cat#  51 000)  -I-  ITS  Universal  Culture  Supplement  (Cat#  40351 )  BD  Biosciences,  San  Jose  CA;  and 
0.9  percent  Penicillin-Streptomycin)  and  the  cells  were  maintained  at  37°C  -i-/-1°C,  90  percent  +!-  5 
percent  humidity,  and  5  percent  +!- 1  percent  C02/air.  At  the  time  of  passage,  cells  were  dissociated 
from  the  flasks  using  the  same  procedure  as  for  the  BG1Luc4E2  cells. 

For  the  steroidogenesis  experiment,  cells  were  plated  into  24  well  plates  at  a  density  of  1 .3x10® 
cells/well  in  a  volume  of  1  mL  per  well  and  incubated  for  24  hrs.  The  media  was  removed  and 
replaced  with  fresh  media  supplemented  with  30  pM  22-R  hydroxycholesterol  (Cat#  H9384  Sigma 
Aldrich,  St.  Louis  MO)  which  controls  for  low  basal  production  of  estradiol.  Dilutions  of  the  known 
inducer  Forskolin  (Cat#  F391 7,  Sigma  Aldrich,  St.  Louis  MO  and  inhibitor  Prochloraz  (Cat#  45631 , 
Sigma  Aldrich,  St.  Louis  MO)  and  NTO  were  made  using  DMSO;  see  Table  3.  The  negative  control 
for  the  assay  is  vehicle  only  (0.1  percent  DMSO).  Ten  microliters  of  each  diluted  stock  was  added  to 
triplicate  wells.  An  additional  triplicate  set  of  negative  control  wells  were  prepared  for  the  viability 


Table  3.  Concentration  of  test  and  control  chemicals  used  in  the  H295R  assay. 


Chemical 

Stock  Concentration  mM 

Final  Concentration  pM 

pg/mL  equivalent 

Forskolin 

1,  10 

1,  10 

Prochloraz 

0.1,  1 

0.1,  1 

NTO 

0.01, 0.03,  0.1, 0.3,  1,3, 

10,  30 

0.01,  0.03,  0.1,  0.3,  1,3, 

10,  30 

0.0013,  0.0039, 
0.013,  0.039,  0.13, 
0.39,  1.3,  3.9 

assay.  The  treated  plates  were  returned  to  the  incubator  for  48  hours.  After  the  48-hour  incubation 
cells  were  observed  microscopically  for  morphological  indications  of  cytotoxicity.  Then,  30  minutes 
prior  to  collecting  supernatants  for  hormone  analysis,  the  supernatant  was  first  removed  from  the 
second  set  of  negative  control  wells  and  400  pL  of  70  percent  methanol  (in  PBS)  was  added.  The  30 
minute  incubation  in  70  percent  methanol  kills  all  the  cells  in  the  well  and  is  used  as  a  reference  point 
in  the  viability  assay.  After  the  30  minute  incubation,  the  supernatant  from  each  well  was  collected 
and  stored  at  -80°C  until  analysis.  After  supernatant  removal,  the  wells  were  washed  3  times  with 
400  pL  PBS  (Dulbecco’s  PBS  with  Ca^^  and  Mg’"^-  Cat#  SH30264FS,  ThermoFisher,  Pittsburg  PA) 
and  then  stained  with  the  Live/Dead  ®  assay  reagents  (Cat#  L3224,  Life  Technologies,  Carlsbad  CA) 
to  measure  viability  and  cell  death.  The  protocol  provided  with  the  assay  was  followed.  Briefly,  after 
the  3  PBS  washes  to  remove  residual  media  constituents,  300  pL  of  PBS  was  added  to  each  well 
followed  by  300  pL  the  Live/Dead  working  solution  (1 0  pL  Ethidium  homodimer-1  (EthD-1 )  and  6  pL 
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Calcein  per  10  mL  of  PBS).  Cells  were  Incubated  for  a  minimum  of  1  hr  and  then  fluorescence 
Intensity  (Ex/Em  494/517  -calcein  and  528/61 7-EthD-1)  was  measured  with  the  Synergy  HT  plate 
reader.  The  percentage  of  live  cells  was  calculated  from  the  calcein  fluorescence  readings  and  the 
percentage  of  dead  cells  was  calculated  from  the  EthD-1  fluorescence  readings. 

Testosterone  levels  were  measured  using  a  TOSOH  Blosclences  system  (TOSOH  Corp.  Tokyo 
Japan)  using  ST  AIA-PACK  testosterone  test  cups  (Cat  #  025204;  Lot  72)  and  following  the 
manufacturers  protocol.  The  assay  Is  a  competitive  enzyme  Immunoassay  (ElA)  In  which  the  test 
sample  testosterone  competes  with  a  enzyme-labeled  testosterone  for  a  limited  number  of  binding 
sites  on  an  Immobilized  monoclonal  antibody.  After  Incubation  with  a  fluorogenic  substrate,  the 
resulting  Intensity  of  fluorescence  Is  Inversely  proportional  to  the  amount  of  test  sample  testosterone. 
The  amount  of  testosterone  Induced  or  Inhibited  by  the  test/control  chemicals  was  calculated  by 
subtracting  the  treated  sample  values  from  the  basal  (vehicle  control)  sample  values. 

6.6  Steroidogenesis  Assay  BLTK1  ceii  iine 

In  collaboration  with  Dr.  Tim  ZacharewskI,  (Center  for  Integrative  Toxicology,  Michigan  State 
University,  East  Lansing  Ml),  NTO  was  tested  for  steroidogenic  activity  using  a  murine  Leydig  cell 
line.  A  1 9  mg/mL  stock  solution  of  NTO  dissolved  In  DMSO  was  provided  to  the  collaborator.  Using 
an  approach  similar  to  the  H295R  assay  and  described  In  Forgacs  et  al  (Forgacs  et  al.)  BLTK1  cells 
were  exposed  to  0.03,  0.1 ,  0.3,  1,3,10,  30,  and  1 00  pM  NTO.  The  positive  control  for  this  assay  was 
recombinant  human  chorionic  gonadotropin  (rhCG)  which  Induces  testosterone  production. 
Cytotoxicity  of  NTO  was  measured  using  an  MTT  assay.  Testosterone  was  detected  using  a  96-well 
plate  format  ElA  (Cat#582701  Cayman  Chemical,  Ann  Arbor  Ml).  Data  were  analyzed  by  comparing 
the  vehicle  control  values  to  the  test  and  positive  control  values.  Test  values  that  generated  a  50 
percent  change  compared  to  the  controls  were  considered  significant. 

7  Resuits 


7.1  Estrogen  and  Androgen  Receptor  Binding 

The  results  of  the  estrogen  and  androgen  receptor  binding  assay  were  negative  for  all  NTO 
concentrations  tested.  The  detailed  data  report  Is  provided  In  Appendix  B. 

7.2  Aromatase  Inhibition  Assay 

The  results  of  the  aromatase  Inhibition  assay  were  negative  for  all  NTO  concentrations  tested.  The 
percent  Inhibition  of  the  positive  control  Inhibitor,  ketoconazole  and  NTO  are  shown  In  Figure  1 . 

There  was  no  statistical  difference  between  any  of  the  NTO  test  values  compared  to  the  no  Inhibitor 
values  (Mann-Whitney  Rank  Sum,  P=0.7;  SIgmaStat  3.11).  Based  on  the  lack  of  difference  between 
the  no  Inhibitor  control  and  the  NTO  values,  all  of  the  NTO  values  were  averaged  together  for  Figure 
1 .  The  data  from  duplicate  experiments  performed  on  separate  days  were  averaged  together.  The 
error  bars  are  +!-  S.D. 

7.3  Estrogen  Receptor  Transactivation  Assay 

The  BG1Luc4E2  estrogen  receptor  was  not  activated  by  NTO.  In  contrast,  the  known  estrogen 
receptor  ligands  (estradiol,  DES,  ethylparaben  and  methoxychlor)  did  activate  the  receptor  yielding  an 
Increased  production  of  the  luciferase  reporter.  The  results  are  presented  In  Figure  2.  The 
estrogenic  controls  responded  as  expected  and  met  the  criteria  described  In  the  NICEATM  protocol. 
The  relative  luminescence  units  (RLU)  considered  significantly  different  from  baseline  Is  26.9  x1 000 
RLU,  see  Figure  2.  The  highest  concentration  of  NTO  tested,  25  pg/mL  or  192  pM,  was  slightly 
above  this  level  at  36.2  xIOOO  RLU. 
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Figure  1.  NTO  does  not  inhibit  aromatase  activity.  Error  bars  =  S.D. 
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Figure  2.  Estrogenic  compounds,  but  not  NTO,  induce 
the  expression  of  the  BG1Luc4E2  reporter  system.  Error  bars  =  S.D. 
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However,  the  next  lowest  NTO  concentration,  5  pg/mL  or  38  pM,  did  not  exceed  this  minimum 
positive  level.  Additionally,  both  methoxychlor  and  ethylparaben  which  are  considered  weak  positive 
controls  exhibit  a  10-fold  greater  response  compared  to  NTO.  Based  on  these  observations,  NTO  is 
not  considered  an  estrogen  receptor  ligand  in  this  assay. 

7.4  Steroidogenesis  Assay  H295R  ceii  iine 

The  steroidogenesis  assay  using  the  H295R  cell  line  evaluated  both  cytotoxicity  and  steroidogenic 
potential  of  NTO.  Cytotoxicity  was  measured  by  comparing  fluorescent  endpoints  for  viable  and 
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nonviable  cells.  At  all  concentrations  tested,  NTO  was  not  found  to  significantly  affect  the  viability  of 
H295R  cells;  see  Figure  3.  The  ability  for  NTO  to  Inhibit  or  Induce  testosterone  was  assessed  by 
measuring  the  level  of  testosterone  produced  from  H295R  cells  exposed  to  NTO.  When  compared  to 
the  level  of  testosterone  produced  In  cells  exposed  to  either  a  known  Inducer  (forskolln)  or  known 
Inhibitor  (prochloraz),  NTO  responses  were  not  different  from  the  vehicle  control  testosterone  levels; 
see  Figure  4. 


Figure  3.  The  viabiiity  of  H295R  ceiis  is  not  affected  by  NTO.  The  80  percent  cut-off  for 
minimum  indicator  of  cytotoxicity  is  indicated  with  a  dashed  iine.  Error  bars  =  S.D. 


♦  NTO 
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▲  Prochloraz 


Figure  4.  NTO  does  not  significantiy  induce  or  inhibit  testosterone  in  H295R 
ceiis  compared  to  10  pM  forskoiin  and  1  pM  prochioraz.  Error  bars  =  S.D. 
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7.5  Steroidogenesis  Assay  BLTK1  ceii  iine 

The  BLTK1  cell  line  assay  evaluated  both  the  cytotoxicity  and  steroidogenic  potential  of  NTO. 
Cytotoxicity  was  measured  using  the  MTT  assay  and  NTO  was  found  to  not  be  cytotoxic  to  BLTK1 
cells,  either  In  the  presence  or  absence  of  rhCG;  see  Figure  5.  The  Induction  and  Inhibition  of 
testosterone  production  was  measured  by  treating  cells  with  NTO  In  the  presence  or  absence  of 
rhCG.  In  the  absence  of  rhCG,  NTO  did  not  stimulate  the  production  of  testosterone.  In  the 
presence  of  rhCG,  NTO  did  not  reduce  the  production  of  testosterone;  see  Figure  6.  Combined,  the 
results  Indicate  that  NTO  does  not  Impact  the  steroidogenesis  pathway  In  BLTK1  cells. 

Figure  5.  NTO  is  not  cytotoxic  to  BLTK1  ceiis.  BLTK1  ceiis  were  treated  with  0.03-100  pM  NTO 
(ieft  panei),  or  0.03-100  pM  NTO  co-treated  with  3  ng/mi  rhCG  (right  panei)  for  24  hrs. 
Cytotoxicity  was  evaiuated  by  MTT  assay  reveaiing  that  NTO  does  not  have  a  significant  effect 
on  ceii  viabiiity;  figure  and  anaiysis  provided  by  Dr.  Tim  Zacharewski  and  Agnes  Forgacs. 

Error  bars  =  S.D. 


NTTO  3  ng/ml  rhCG  +  MTO 


Figure  6.  NTO  does  not  induce  or  inhibit  testosterone  production  in  BLTK1  ceiis.  BLTK1  ceiis 
were  treated  with  0.03-100  pM  NTO  (ieft  panei),  or  0.03-100  pM  NTO  co-treated  with  3  ng/mi 
rhCG  (right  panei)  for  24  hrs.  Testosterone  ieveis  were  determined  by  EiA  reveaiing  that  NTO 
does  not  significantiy  aiter  basai  or  rhCG-induction  of  testosterone  ieveis.  Figure  and 
anaiysis  provided  by  Dr.  Tim  Zacharewski  and  Agnes  Forgacs.  Error  bars  =  S.D. 
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8  Discussion 


8.1  Generai 

The  tiered  approach  to  screening  a  chemicai  of  concern  permits  increased  focus  on  specific  toxic 
responses.  The  testicuiar  toxicity  of  NTO  observed  in  subacute  and  subchronic  orai  toxicity  rat 
studies  warranted  further  expioration  into  the  mode  of  action  for  the  observed  findings.  One  mode  of 
testicuiar  toxicity  is  through  endocrine  signaiing,  specificaiiy  via  inhibition  of  testosterone  production 
or  function.  The  in  vitro  assays  used  here  screened  NTO  for  interaction  with  the  predominant 
gonadai  hormones:  estrogen  and  androgen. 

The  resuits  from  the  estrogen  receptor  binding,  estrogen  receptor  activation,  androgen  receptor 
binding,  aromatase  inhibition,  and  steroidogenesis  were  consistentiy  negative.  No  interactions 
between  NTO  and  these  assays  were  identified;  see  Tabie  4. 

8.2  Areas  of  Uncertainty 

The  in  vitro  assays  used  to  screen  for  EDO  activity  gave  consistent  and  robust  resuits.  However,  the 
in  vitro  assays  are  not  abie  to  capture  toxic  effects  as  a  resuit  of  metaboiism  of  the  parent  compound. 
Additionaiiy,  the  in  vivo  steroidogenic  pathway  is  quite  compiex  and  each  in  vitro  endpoint  tested 
offers  oniy  a  snapshot  of  iikeiy  interactions  at  the  moiecuiar  ievei.  The  use  of  both  the  H295R  and 
BLTK1  ceii  iines  for  the  steroidogenesis  assay  improves  the  strength  of  the  test  as  there  are  subtie 
differences  between  these  two  ceii  iines.  Indeed,  the  BLTK1  ceii  iine  may  be  a  better  testes  modei  as 
the  ceii  of  origin  is  a  Leydig  ceii,  the  steroidogenic  ceii  popuiation  in  the  testes  (Forgacs  et  ai.).  The  in 
vitro  assays  do  not  evaiuate  endpoints  within  the  iarger  Hypothaimo-Pituitary-Gonadai  (HPG)  axis 
such  as  foiiicuiar  stimuiating  hormone  (FSH)  or  iuteinizing  hormone  (LH). 


Table  4.  Summary  of  findings  for  NTO  in  vitro  EDO  test  battery  screen. 


Assay 

NTO  concentration 

Results 

Estrogen  Receptor  Binding 

ERa  (recotnbinant-humanl 

ER  (recombinant'humanl 

0.003-30  uM 
0.0004-3.9  ug/mL 

Negative-  no  significant 
Interaction 

Androgen  Receptor  Binding 
(recombinant-rat) 

0.003-30  uM 
0.0004-3.9  Ug/mL 

Negative-  no  significant 
interaction 

Estrogen  receptor  a/|t 
transcriptional  assay 
(BGl  cells  ovarian-human) 

0.02-200  uM 
0.0025-25  Ug/mL 

Negative-  no  significant 
Interaction 

Steroidogenesis 

Negative-  no  significant 

Two  cell  lines- 

Interaction 

H29SR  (adrenal-human) 

0.03-100  uM 

(Testosterone) 

6LTK1  (Leydig-mouse) 

0.004-13  Ug/mL 

Follow  up  with  estradiol 
only  if  testosterone 
affected 

Aromatase  inhibition 

0  0001-100  uM 

Negative-  no  significant 

(cell  line  mkrosomes) 

1.3x10 '>-13  Ug/mL 

inhibition 
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9  Recommendations 


The  in  vitro  portions  are  complete  for  the  EDC  tier  1  evaluation  of  NTO.  If  testicular  toxicity  of  NTO  is  a 
priority  concern,  the  in  vitro  assays  could  be  used  to  screen  metabolites  of  NTO.  Thus  far,  urazole  has 
been  identified  as  metabolite  in  isolated  rat  hepatocytes  (Le  Campion  et  al.,  1997;  Le  Campion  et  al., 
1998).  Urazole  is  commercially  available  and  it  is  recommended  that  it  be  screened  with  the  EDC  in  vitro 
assays. 

To  ascertain  the  affected  cell  populations  in  vivo,  short  duration  timed  NTO  exposures  where  testes  are 
harvested  at  24  hr  intervals  are  recommended.  Histopathology  of  these  tissues  would  characterize  the 
order  of  cells  impacted  by  NTO  and  provide  a  likely  mode  of  action  for  testicular  toxicity  of  NTO. 


10  Point  of  Contact 


The  Point  of  Contact  for  this  report  is  Dr.  Valerie  H.  Adams.  She  may  be  reached  at  41 0-436-3980  or 
DSN  584-3980;  e-mail:usaphctoxinfo@amedd. army.mil. 
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APPENDIX  B 

RICERCA  REPORT  FOR  TESTOSTERONE  AND  ESTROGEN  RECEPTOR  BINDING 


Individual  Tests 
Data  Report 

US  Army  Center  for  Health  Promotion  & 
Preventative  Medicine 

Study  Completed:  July  26.  201 1 
Report  Pflnted:  July  26,  2011 


Ricerca  PT#:  1151889 

Alt.  Code  1 :  NTO 
Alt.  Code  2: 

Alt.  Code  3: 

Sample(s):  UAL-6 
M.W.:  130.07 

Objectives: 

To  evaluafe.  in  Radioligand  Binding  assays,  the  activity  o1  test  compotind  NTO 
(PT#  1151889). 


RIcerce  Btoeeiericee,  LLC  •  TM;  42S>467-6217  «  Fex:  425-467-6211  •  e-mefl:  ptamieeoiogyi^teeree.edfii  hnpu  vmwrtcerce.com 
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PT#:  ll5l)HiV  Jut;  26, 2011  2:06 

COOE:  I  AL.6.NTO  PaRc  2 

Ricerca  Biosciences,  LLC  Pharmacology  Data  Report 

On  Compound  UAI.-6,  NTO  For  US  Army  Center  for  Health 
Promotion  &  Preventative  Medicine 


SorviCM  Bolng  Roported:  Indnndual  Tests 
Alternellve  Work  Order  No: 

Purchase  Order  Number: 

Total  •  of  Assays:  3 

Allerttallve  Code  2: 

Alternative  Code  3: 

Ricerca  Internal  f :  1151 8S9 

Molecular  Weight:  130.07 


Work  Order  Number:  i  - 1043298-0 

Study  Number:  A605533 

Quote  No:  25881-1 

Compound  Information: 

Compound  Code:  UAL  6 

Alternative  Code  1 :  NTO 


Sponsor;  US  Army  Center  for  Health  Promotion  &  Preventalive  Medicme 

5158  Btackhawk  Rd  ATTN  MCHB  TS  THE 
Heakh  Effects  Research  Program.  Directorate  of  Toxicology 
Bldg  E2100.  tst  Floor.  Room  1401 
Aberdeen  Proving  Ground.  MO  21010-5403 
United  States 

Undertaken  at:  Ricefca  Biosciences.  LLC 

Pharmacology  Laboratones 
tS8  Ll'Teh  Road.  Peitou 
Taipei.  Taiwan  112 
Taiwan  R.O.C. 


Date  of  Study: 


July  19.2011  -  July  26.  2011 


Study  Directors:  Ktai-Yuan  Lm.  Rxerca  Biosciences.  LLC 

Kuo-Hsin  Chen.  Ricerca  Biosciences.  LLC 

Distribution;  US  Army  Center  for  Health  Promotion  &  Preventative  MedKme 


Tha  study  was  conducted  accortkng  to  the  procedures  described  in  this  report.  All  data  presented  are  authentic,  accurate  and  correct 
to  the  best  of  our  knowledge.* 


Kun-Yuan  Un 

Study  Director  lor  Animal  Assays 


Kuo  Hsin  Chen 

Study  Director  lor  Biochemical  Assays 


Peter  Chiu,  Ph.D 
Technical  Dvector 
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rr#!  ttsiiitw 

Jutv  U.  Mil  2.-tn  PM 

fOOEi  UAL,*.  NTO 

Puttf  4  off 

SUMMARY 

STl  DY  OBJECTI\'E 

To  evaluate,  in  RadMigand  Binding  assays,  the  activity  of  compound  NTO  (UAL-fi.  FT#  II5IRHV). 


METHODS 

Mcihaxis  employed  in  this  study  have  been  adapted  rnmi  the  scicntinc  literature  to  maximize  reliability  and 
teproducihility.  Reference  standards  were  run  as  an  integral  part  uf  each  assay  to  ensure  the  validity  of  the 
results  obtained.  Assays  were  perfomted  under  conditions  described  in  the  accompanying  'Methods*  section 
of  this  tcporl.  The  literature  referencets)  fur  each  assay  are  in  the  'Literature  References'  section.  If  either 
uf  these  sections  were  nut  originally  tv(|ucsled  with  the  accompanying  report,  please  contact  us  at  the  number 
below  for  a  printout  of  either  of  these  report  sections. 

tMiere  presented,  ICm  values  were  determined  by  a  non-linear,  least  squares  regression  analysis  using 
MalhlQ'^  (ID  Business  Solutions  Ltd..  L'K).  V^liere  inhibition  constants  (Kd  are  presented,  the  K,  values 
were  calculated  using  the  equation  of  Cheng  and  PitisofT  (Cheng.  Y..  PrusufT.  W.tl..  BitK-hem.  Pharmacol. 
22:3(W*f-3l()X.  I<>73t  using  the  observed  ICm  of  the  tested  compound,  the  concentration  uf  radioligand 
employed  in  the  B.ssuy,  and  the  historical  values  for  the  Kd  of  the  ligand  (obtained  experimentally  at  Kiccrca 
Bkisriences  LLCi.  Where  presented,  the  Hill  coefTicicnt  (nH).  defining  the  skipe  of  the  competitive  binding 
curve,  was  calculated  using  MathlQ'^,  I  lill  coefncietils  significanlly  differenl  than  1 .0,  may  suggest  that  the 
binding  displacemeni  dues  not  follow  the  laws  uf  mass  action  with  a  single  binding  site.  Where  ICsn.  K,. 
and/or  n^  data  arc  presented  w  iihout  Standard  Error  of  the  Mean  ( SEM),  data  arc  insufficient  to  be 
quantitative,  and  the  values  presented  ( Kk  fCw.  OmI  should  be  interpreted  with  caution. 


RE.Sll.TS 

A  summary  of  results  meeting  the  significance  entena  is  presented  in  the  folknving  sections.  Complete 
results  arc  presented  under  the  section  labeled  "Experimental  Results".  Indiv  idual  responses,  if  rcqucsic<L 
arc  presented  in  the  appendix  to  this  report. 


Sl'MMARV/CONCI.liSION 

Signilicanl  results  arc  displayed  in  the  following  tablets)  in  rank  order  of  potency  for  cslimuled  ICm  and/or 
K,  values. 
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SUMMARY  OF  SIGNIFICANT  PRIMARY  RESULTS 


Btodvmical  assay  results  are  presented  as  the  percent  inhUMon  of  specific  binding  or  activity  throughout  the  report  AB 
other  resutls  are  expressed  in  terms  of  that  assay's  quantitation  method  (see  Methods  section). 

•  For  primary  assays,  only  the  toerest  oorKentration  with  a  significant  response  judged  by  the  assays' cnterla.  is  shown  in 
this  summary. 

•  Where  applicable,  either  the  secondary  assay  results  with  the  lowest  dose  concentration  meeting  the  significance  criteria 
or,  it  inacttve,  the  highest  dose/'concentration  that  did  not  meet  the  significance  criteria  is  shown. 

•  Unless  otherwise  requested,  primary  screening  in  duplicate  with  quantitative  data  (e  g. ,  fCSOr  SEM.  Ki  t  SEM  and  nH) 
are  shown  where  applicable  for  individual  requested  assays.  In  screening  packages,  primary  screening  In  duplicate  wilh 
semi-quantitative  data  (e.g.,  estimated  IC50.  Ki  end  nH)  are  shown  where  applicable  (concentration  range  of  4  log  units): 
available  secondary  luncbonal  assays  are  carried  out  (X  v-M)  and  MECor  MIC  determined  only  rf  active  in  primary  assays 
>50%  at  1  log  unit  below  initial  test  concerrtration. 

•  Please  see  ExperimentBl  Results  section  for  details  of  all  responses. 

Signilicani  responses  ^  50%  Inhibition  or  stimulation  for  Biochemical  assays)  were  noted  m  the  primary  assays  listed 
below: 


PRIMARY  TESTS 


No  significant  responses  noted. 
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EXPERIMENTAL  RESULTS  -  BIOCHEMICAL  ASSAYS 


Cal.# 

TARCET 

BATCH* 

SPP. 

Os 

CONC. 

285010 

Androfert  (Te&totterone)  AR 

298542 

rat 

2 

30  mM 

4 

2 

3|iM 

6 

2 

03|M 

3 

2 

0.03  |iM 

2 

2 

3  nM 

0 

226010 

Estrpien  EKa 

298540 

hum 

2 

30^ 

0 

2 

3iiM 

2 

2 

03  |lM 

10 

2 

0.03  mM 

4 

2 

3  »M 

6 

226060 

Eslrotan  ER6 

298S41 

hum 

2 

30|iM 

-1 

2 

3  pM 

0 

2 

0  3  laM 

4 

2 

003 

6 

2 

3  nM 

5 

t%  LNHIBITION 

IW  JU  U  Ml  III) 

»  i  i  i  i  i 


IC« 


a. 


>30iiM 


>30  mM 


>30||M 


*  Batch:  Reprasants  compounds  tostad  concurranily  In  lha  sama  assay<s).  t  Partially  solubla  in  an  wlapiasi  sotvanl 

*  Danoias  Ham  maatino  chtarta  lor  sigraticanoa 

t  RasuiU  «nth  i  50%  sHnuiolion  or  InhMIon  ara  iMpnOghlad. 

R-^Additional  Commartts 
humshuman 


B-6 


Toxicology  Report  No.  S.0002745-12,  Sept  25,  2012 


|•T#!  I15I«W 

CODE)  L'AL-lk.  NTO 

JbIv  X  2011  2:«7  PM 
Paytr7or« 

MKTHODS  .  KA1)1(>L1(;ANU  BINDINC;  ASSAYS 

■  285010  Androgen  (Teilosterone)  AR 

■  226010  Estrogen  ERo 

Stwicc. 

Oat  recombirant  1.  cob 

Source: 

Human  recomOtnant  iniea  519  cells 

Uganii. 

1.S  nM  PHI  M^Krferonr 

Ligand: 

0.5  nM  [9l|  Cslrad>ol 

Vehicle: 

UDMSO 

Vchkk; 

1%  0M5O 

Incuhotiun  Time/Temp: 

4h(Mirs<P4-C 

Incuhalicifi  TimeTTcmp' 

2  hours  »  KK 

IncuKarinn  Buffer 

50  mM  Trn4ia  |)«1  7.4.  0  8  M 

NaCI.  10%  Cljrcerat  2  mM 

Incuhatton  Buffer: 

10  mM  rnsaiCL  pH  7  4.  01%  8SA 
m  GlyceroC  1  mM  DTT 

IMh«tlveMot  01%  BSA.  2%  EtOH 

Niiti-Sfiearic  Ufand: 

1  uM  OrcthylsMbtstrol 

Nun-Speciric  1  J|aait: 

10  Mibolerone 

Ko' 

0  2  nM  • 

K» 

}  nM  • 

Omm' 

1400  pmote/mg  Protein  * 

Bmm- 

930  pmole/mf  Protein  • 

Specilk  Biadiag: 

85%  • 

Specific  BiAduif:. 

90%  • 

(Jmnlrtnttua  MelhnS 

RaihoUgam)  Binding 

OiatitiUltuo  MctbDd: 

RadiolifanO  Bmdoig 

Signiftcance  Cnteria: 

a  sot  of  max  itimuiation  or 

Sifittficence  Craeho: 

a  sot  of  max  ttimutation  or 
mhibitMMi 

inhibition 

■  226050  Estrogen  ERP 

Source. 

Human  recombuiant  irnect  Sf9  cclh 

Ugand. 

0.5  nM  (*H1  Estradiol 

Vehicle: 

ItOMSO 

Incuhatiun  Timc/Tcmp: 

2  hours9  2S»C 

InruKatiim  Buffer. 

10  mM  rrh-HClpH  7  4.  10% 
Glycerol.  1  mM  DTT.  1  mf/ml  BSA 

Niin-Speciric  Ugand: 

1  pM  DteYhyHtilbntrol 

Kr- 

0.13  nM  • 

Bmw 

3000  pmole/mg  Protem  * 

Specific  Bindifig. 

90%  • 

OunoiaiUw  .Mnbiid: 

Radiolipnd  Bmttaif 

Significance  Chieria: 

a  50%  of  max  stirmilatton  or 
inhibition 

'  Historical  VWuM 
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CODE:  lAL4k.VTO  P<lirX<i(9 

REFERENCE  COMPOUND  DATA  -  BIOCHEMICAL  ASSAYS 


REFERENCE  III.STORICAI.  fONClRRF.NT 


CAT.# 

A-VSA^'  NAME 

COMPOl'ND 

ic« 

K, 

Hm 

BATCH • 

IC» 

2SS010 

Androgen  (Ttstoiteronel  A* 

r»tto«»rone 

ISnM 

4  3  nM 

1 

208842 

411  nM 

228010 

Estro(cn  fRa 

DIethytsUDestrol 

077  nM 

022  nM 

1 

298540 

|jQ2  nM 

2260S0 

E&trogen 

DiethyUtjIbcstrat 

0.fit  nM 

013  nM 

12 

298541 

172  nM 

*  BatOi  Represents  compounds  tested  ooncurrentty  n  trie  same  assay(s).  t  F^adiairr  soluble  in  m  intro  test  solvent. 
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Kra:  lISllMfe 

J«l>  3a,»ll  2:07  PM 

NTO 

LITERATURE  REFERENCES 

CAT. »  rk»>:rknck 

226010  Obourti  JD,  KoixcwsU  NJ  and  Nolldes  AC  (1993) 

Honnone-  and  0HA-Wndin(  mKhannint  of  ttw  rtcomlwMnt  human  n1ro((n  rtciptor  (lochcnuftry  32124).  6229  •  6236 

226050  OtMMim  JD,  KoazewakI  MJ  and  Molldes  AC  (1993) 

hormone*  and  DfiA*binding  mcchanhmi  of  the  rerombeiant  human  estrogen  receptor  Btochemntry  32)24)-  6229  *  6236. 

26S010  Chang  C  and  Uao  S(  1967) 

Topographic  recogmbon  of  cyclic  hydtocarbom  and  related  compounds  by  receptors  for  androgens,  estrogens,  and 
gkrcocorticoidc  )  Sterord  Btochem.  27(1*3).  123*131 . 

Tralah  AM.  Muller  RE  and  WoUz  HH  (1966) 

Bindmg  of  7a.  17ei-dimethyl-l9-norteslos1erone  Insibolerone)  to  androgen  and  progesterone  receptors  m  hwnan  and  anmsal 
tissues  Endocrinotogy  1ia4)  1327-1333 


Rkeiea  Bloaclencea.  UC  •  Tel:  426*467*8217  •  Fax:  426-467*6211 


e*nnaU:  pfsannacologytierlcerca.eoni  http:'-)iinirw.ricerea.cani 
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APPENDIX  C 

GENTEST  CYP1 9/MFC  PROTOCOL 


DD  BtosctanoM  -  Dlicoviry  Lolmiar* 

BO  Gcmest™  Ptxiducts  and  Services 

6  Henshaw  Sireoi 

Woburn,  MAOiaOi 

Tat  781935  5115 

Fax:  711 .938.8644 

bdbioaeiencMconi 


OBD 


CYP1 9/MFC  High  Throughput  Inhibitor  Screening  Kit 

Data  Sheet 


New  Catalog  Number . 459520  Lot  Number . 32930 

Date  Released:  2012  January 

Storage  Conditions . STORE  AT  -80 “C  (Individual  components  can  be  stored  as  instructed  below.) 

QC  Assay  for  HTS  Kit:  ICm  Determination  tor  Ketocona2ole...3.43  uM  Csee  note  below) 

Kit  Components 

1  CYP19  *  P4S0  Reductase 

Storage  Condrlion- Store  al -80  *0  \ 

Package  Conter>ts:  1  5  nmol  P450  in  1 .5  mL  i  A 
Bofler  Composrbon:  100  mM  potassium  phosphate  (pH  7.4) 

Protem  Content  3  9  nvilnL 

Aromatase  Activity:  6.4  pmol  pro<luct/(mln  x  pmol  P4SO) 

2.  Control  Insect  Cell  Membrane  Protein  Catalog  Number:  04-80701 

Votume  1 .0  mL  Lot  Number:  1 5404 

Storage  Condeion’  Store  at  -SO'C 

Protein  Content-  15  nn^mL  in  1O0  mM  Potassium  Phosphate  (pH  7.4) 

3.  Butter  Solution:  0.5  M  Potassium  Phosphate  (pH  7.4),  filter  stertKzed 
Volume:  18  mL 

Storage  Condibon:  Butter  solutxin  can  be  stored  at  room  temperature  or  4*C. 

4.  Stop  Solution:  0.5  M  Tris  Base,  inter  sterilized. 

Volume’  18  mL 

Reconstitution:  Add  72  mL  ot  acetonUrtie  prior  to  use. 

Storage  Condition:  Store  at  4^  or  room  temperature  prior  to  addition  ot  acetonitrile. 

Slop  sokibon  should  be  stored  at  room  temperature  after  addmon  of  acetonitrile. 

5.  Colactors:  1.3  mM  NAOPr,  66  mM  MgClx,  and  66  mM  Glucose  6-Phosphate. 

Volume:  1 .7  mL 

Storage  Condition:  Store  at  -20*C 

6.  Glucose  6-Phosphate  Dehydrogenase:  40  UnIts/mL  in  5  rrM  Sodium  CiUate  Butler  (pH  7.5). 

Volume.  1 .3  mL 

Storage  Corxiilian:  Store  at  -20% 

7  MFC  (7-Methoxy-4-trllluoromathyteoumarln):  Fluorescence  substrate.  1.21  mg.  J 

— ^  Reconstitution:  Add  200  U  Of  acetonitrile  prior  to  use.  Concsnlratton  -  25  mM  r  ‘  i 

Storage  (^tbbon:  Store  at  -20%  before  and  after  reconstitution 

8  KTZ  (Ketoconazole):  CYPI9  selective  posSive  control  inhrbitor.  0.032  mg  ,  i  ,  ' 

- >fleconslitution:  Add  30  Ul  of  acetonitrile  prior  to  use.  Concentration  -  2mM  -  yj.' -  •• 

Storage  Condition:  Store  al-p^%  before  and  alter  reconslitutlon.  Cj*" 

9  HFC  (74tydroxytrillooromethyfcoumBrin):  Metabolite  standard  (0  25  mM  in  0.1  M  Tris-pH  9  0)L  ’  J  " 

Volurne:  0.04  mL  w  A 

Storage  Condtfion:  Store  at  -80% 

Note 

•  Freeze  thaw  stability:  This  CYPI9  inhibitor  screening  lot  was  sut^ected  to  6  freeze  thaw  cycles  without  a  change  m  tCw  value 
lor  lietoconazote  or  a  signtlcarS  loss  ot  signal  to  noise. 

•  "QC  assay  (ICm  deierminalioo  lor  ketoconazole)  was  perlomted  usaig  all  the  components  conlaaied  in  the  currem  lot  kit. 

THIS  PRODUCT  IS  SUPPLIED  FOR  LABORATORY  RESEARCH  USE  ONLY. 

Patent  Pending 


■  j  V.  f' 

t.  .A 


Catalog  Number:  459760 
Lot  Number:  19703 


C-1 


•3-0 


BD  Bioscignces 


The  use  of  this  kit  assumes  the  lest  compounds  are  dissolved  in  acetonitrile.  Alternative  sotvents  such  as  meihanol 
may  be  used,  following  the  instructions  below.  Ethanol  has  been  shown  to  inhibit  CYP19  activily  at  concentrations  of 
1.0%  and  above.  A  set  of  instructions  for  using  the  kit  with  ethanol  as  an  alternative  solvent  is  included  in  the 
StlPPfemenfaf  instructions  (Number  2).  DMSO  has  been  shown  to  Inhibit  CYP19  activity  at  very  low  concentration 
(0.16%),  and  should  not  be  used.  Additional  information  on  the  inhibition  of  CYP19  by  organic  solvents  can  be 
obtained  on  BO-Gentest  website. 

Kit  Components/Storage  Conditions 


Name 


Description 


BufT»r 


le  Buflor  (0  5  M, 


4*C  or  RT 


OSPOH 


Gluooie 


iseSoMlon 


Colactofa 


•ao-c 


Conifol  Protein 


Control  Piolen  (IS 


■wrc 


MTS-TW 


CYP19  (1  iM  P450  oomaml 


MFC 


121 


KTZ 


K^>ooor^a^ole 


control  nhlbll 


MFC 


ooumann)  (0.25  mMl 


004  mL 


■«rc 


Tnt  Ba««(0  5  Ml 


18  ml 


4*C<y  RT 


Disposables  Not  Supplied  in  Kit 

1 .  96-well  black  microtiter  pistes  (We  recommend  BO  Falcon  **  Assay  Hates 
(Catalog  No.  353241 )  and  lids  (Catalog  No.  353956)). 

2.  Mixing  trough  for  use  wISi  multichannel  pipette  (approximate  dead  voiume- 
2mL) 

3.  Secondary  muting  containers  (e.g.  100  and  200  mi  beakers) 

4.  Lids  for  96-well  microtiter  plales 

5.  Deionized  water 

6.  Acetonitrile 

Getting  Started 

1 .  Add  72  mi  of  acelonltnia  to  the  Slop  Reagent.  Store  at  room  temperature. 

2.  Reconwitute  the  MFC  in  200  uL  of  acetonitrile  (25  mM  final  concentration)  Store  at  -20*C 

3.  Reconstitute  the  KTZ  in  30  uL  of  aoetorNinie  (2  mM  final  concentration).  Store  el  -20*C. 

4  Dissolve  test  compound  at  desired  concentration  In  acetonitrile  The  lest  compound  should  be  prepared  at  50  times  the  highesl 
final  oonoemratlon  desired  in  the  ICgo  assay 

Performing  the  ICm  Assay 
8  Plate  Procedure 

•  Eight  96-well  plates  can  accommodate  ICso  determinations  for  30  test  compounds,  one  positive  control  inhibitor  {KTZI  and  a 
standard  curve. 

•  Plales  1-7;  4  test  compounds  per  plate  in  dupllcale  (2  rows  per  oompourto ). 

•  Plate  6:  2  lest  compounds  in  duptcale.  1  positive  oonirol  in  duplicate.  1  st^ord  curve  in  duplicate 


Other  Equipment 

1.  Multichannel  pipetler 

2.  Incubator  (37*0 

3.  FhiorescerKe  plate  scanner 


This  CYP19  high  throughput  inNbItloo  assay  kit  is  designed  to  rapidly  screen  for  potenbal  Inhibitors  of  CYP19  catalytic 
acbvity.  The  instructions  are  written  to  perfonn  the  assay  with  8. 96-well  plates  at  one  time.  Using  these  Instructions 
one  can  measure  30  ICjo  values,  in  duplicate  (30  test  compounds).  1  positive  control  and  1  standard  curve.  Volumes 
can  be  scaled  to  perfonn  fewer  than  8  plates  et  a  tima;  however,  the  total  number  of  plates  that  can  be  performed  will 
depend  on  the  dead  volume  of  your  liquid  handling  system.  Forsfoole  plate  IC«  determinations  refer  to  the 
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Section  L  Serial  Dilution  of  Teet  Compound*  and  Positive  Control  (refer  to  “sample  96-well  pfale”  on  page  2  of  the 
Instructions) 

1 .  Pre-warm  approximately  200  mL  of  deionized  water  to  37*C 

2.  Thaw  all  kit  oompooents,  and  place  on  Ice.  Warm  the  container  of  Buffer  to  37*C. 

3  In  a  suitable  container,  prepare  the  NAOPH-Cofactor  Mix;  add  1 .13  mL  of  Cofactors,  0  9  mL  of  G6POH,  and  0.6  mL  of  Control 
Protein  (standardization  of  finM  protein  ooncentrabon)  to  67.4  mL  of  ST’C  water  Mix  wed.  If  control  protein  is  nof  desired, 
substitute  0  .6  mL  of  water. 

4.  For  each  row  of  test  compound  ml  KTZ  (postllve  conirel  reagent),  add  144  uL  of  NAOPH-Cofactor  Mix  to  each  well  of  Column 

1. 

5.  In  a  suitable  container,  add  3.2  mL  of  acetonitrile  to  77  mL  of  NAOPH-Cofactor  Mix  (Cofactorfacetonitiile  mix).  Mix  well 

6.  For  the  remaining  Columns  2  through  12,  add  100  uL  of  Cofectorfacetonilnte  mix  to  each  wel 

7.  Add  6  uL  of  lest  compound  to  Column  1  of  each  row  of  test  compound  ICso.  Mix  by  pipetting  3  to  5  times  in  each  wel. 

8.  Add  6  uL  of  2  mM  KTZ  to  Column  1  of  each  of  Ihe  two  rows  of  positive  control  ICw  Mu  a*  In  step  7. 

0  For  each  row.  serial  dilute  50  uL  (Tom  Column  1  through  Ctoiumn  8.  Mix  as  in  step  7.  Chengmg  of  tips  during  the  serial  diudon 
is  recommended.  Discard  the  extra  SO  uL  from  Column  8. 

10.  Ccnrer  the  plate  end  pre-incubate  at  37*C  for  10  minutes. 

Section  II.  Preparation  of  Enzyme  Substrate  Mix/Reaction  InKiatlon  and  Termination 

1 .  Prepare  the  Enzyme/Substrato  Mix;  to  the  container  of  pre-warmed  Bidfer,  add  70  5  mL  of  37“C  water.  1 .35  ml  of  HTS-760. 
and  1 80  uL  of  25  mM  MFC.  Mix  wea. 

2.  Alter  the  10  minute  pranncubMloo  of  the  plate  (Part  I.  Step  10).  remove  the  plate  (rom  the  Incubator,  and  add  100  uL  of 
Enzyme/Substrate  Mix  to  Columtts  1  through  10  of  aH  rows  of  test  compounds  and  positive  control.  Dispense  the  liquid  In  a 
stream,  not  dropwis*  Mixing  of  the  components  in  the  weWs  is  dependent  upon  mixing  during  dispensing. 

3  Cover  the  plate  and  Incubate  at  37*C  for  30  minute*. 

4.  After  30  minutes,  remove  the  plate  from  Ihe  incubator,  and  add  75  uL  of  Stop  Reagent  to  all  wells  1  through  12  ol  each  row  of 
ICse  Dispense  Ihe  kquid  in  a  stream,  not  dropwise. 

5.  Add  too  uL  of  EnzymefSubstrale  Mix  to  Columns  11  and  12  of  each  row  of  These  wsfts  are  blanks. 


Section  III.  Preparing  the  Standard  Curve 


Thaw  the  0.25  mM  HFC  slartoard  solution. 

Add  138  uL  of  NADPH-Colactor  M«  (without  acetonitrile)  to  well  1  of  each  of  the  two  rows 

Add  12  uL  of  HFC  standard  to  well  1  of  each  of  the  two  rows.  Mix  by  pipetting  3  to  5  limes  in  each  well 


f  '"VI."-' 

4- -  Cl 


■i  #. 


U 


6' He  o 


Add  100  uL  of  NAOPH-Cofactor  Mix  (wtthoul  acetonitnle)  to  wells  2  through  12 
Serially  dilute  SO  uL  from  wail  1  Ihrough  well  8.  Mix  as  In  Step  3.  Discard  SO  uL  from  well  8 
Add  75  uL  Of  Stop  Reagent  to  al  wells  1  through  12.  Mix  as  in  stop  3. 

Add  100  uL  of  EnzymefSubstrate  Mix  to  all  wells  1 1hrough  12.  Mu  as  in  step  3.  . 

Nots:  Using  Ihls  procedure,  well  1  will  contain  2000  pmol  of  standard  Remaining  wells  2  through  8  are  one-lhird  serial  dilutions  (i.a.  . 

666  6. 222.2.  74. 24  7. 8.22, 2.74  and  0.91  pmol).  Wells  9  Ihrough  12  are  blanks,  ion®  -Asisk .  i»i .  .  •• 


looo,  ,  111 
R*+i. 


Section  IV.  Reading  the  Results  ..tf  HxO 

1.  Read  sM  plates  at  an  excitation  and  emissjon  wavelength  sultablo  to  delect  the  HFC  metabolite  (e.g.  409  nm  excitation  and  530 
nm  emission) 


Section  V.  Analysis  of  Results/ICM  Calculation 

1 .  Blank  values  should  be  subtracted  (rom  the  sample  wells  to  obtain  the  net  fluorescence  signal. 

2.  The  number  of  pmol  product  formed  per  well  can  be  calculated  by  comparison  to  the  standard  curve.  Alternatively,  the  same 
ICss  value  can  be  determined  from  the  net  ftuorescent  signal  diractly.  without  the  use  of  a  standard  curve. 

3.  Calculate  percent  inhUxilon  of  each  inhibitor  oonoaniration  retstlve  to  the  wefc  without  Milblior  (average  of  wells  9  and  10). 

4.  Determine  the  ooncenirabons  of  test  compound  that  bracket  50%  kihlbitfan  (High  Cone  and  Low  Cone.).  The  bracketing 
concentrabons  and  corresponding  percent  Inhibilion  are  used  to  calculate  the  IC«i  via  Snear  interpolation  as  described  below 

1C®  ■  (50%  -  Low  %inhlbitlci«i)  x  (High  Con.  -  Low  Con.) -i  Low  Con. 

(High  %lnnibibon-  Low  %lnhibitlon) 


Sampig  96-Well  Plate 

8«rtal  OilwUon  of  YoM  Compound.  Mni 
CoMirol  <eolufBm  1  •  8) 
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Note:  The  Gentest  Web  Site  (www.gentesLcom)  has  many  useful  tips  on  performing  the  high  throughput  fluorescent  assay  (e  g. 
sotvent  effects,  fluorometer  evaluation.  FAQ,  posters  and  other  kteralure  on  fluorescent  assays) 
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CYP19/MFC  High  Throughput  Inhibitor  Screening  Kit 

Supplemental  Instructions 


Number  1:  Performing  the  IC50  assay  using  a  singie  96-weil  plate 

Ofw  96-well  plate  can  accommodate  ICjo  deterirwaiions  for  2  test  compounds.  In  duplicate,  oria  posHhie  control,  and  one 
standard  curve.  The  following  instructions  are  written  assuming  test  compounds  and  ketoconazole  (positive  control)  are 
dissolved  in  acetortitrile  or  methanol.  The  instructions  are  essentlaly  identicai  to  the  8-plate  method  with  volumes  sealed 
down  to  accommodate  one  96-well  plate.  When  following  Ihe  'single  plate  Instructions'  the  user  Is  referred  to  the  ‘B-plate 
Instruction  manuaT  for  several  procedures.  It  is  strongly  advised  that  Ihe  8-plate  procedure  be  thoroughly  reviewed  before 
using  the  single  plate  method. 

Performing  the  IC50  Assay 

Section  L  Serial  Dilution  of  Test  Compounds  and  Positive  Control  (refer  to  “sample  96-well  plate"  on  page  2  of  10 
plate  instructions) 

1  Pre-wami  appronimetoly  25  mL  of  deionized  water  to  37*C. 

2  Thaw  aU  kil  convonants.  and  place  on  ice.  Warm  Ihe  required  amount  of  Buffer  (2  ml -see  Section  II)  to  37*C. 

3  In  a  suitable  oontalnar,  prepare  Vie  NAOPH-Cofactor  Mix;  add  187.5  uL  of  Cofaetois,  150  uL  of  G6PDH.  and  100  oL  of  Control 
Protein  to  14  .56  mL  of  37*0  walar.  Ma  wall  If  oortrol  prolain  is  not  dealrad.  substitule  100  uL  of  water. 

4  For  each  row  of  test  compound  and  KTZ  (positive  control  reagent),  add  144  uL  of  NADPH-Cofactor  Mix  to  each  weS  of  Column  1. 

5  In  a  suitaWaoontalnef.  add  400  uL  of  acatonllilla  to  96  mL  of  NAOPH-Cofactor  Mix  (Colactorfscetonlirte  mix).  MlxwaV 

6  FarOwramaanmgColunins2llvough12,add100uLafCofactorfac8tonilrlleniixloaa(hwall 

7.  Add  6  uL  of  test  compound  to  Column  1  of  each  raw  of  lest  compound  ICgo  Mix  by  pipetting  3  to  5  times  in  each  wet 

8.  Add  6  uL  of  2  mM  KTZ  to  Column  1  of  each  of  the  tiMi  rows  of  positive  contnoi  ICw.  Mix  as  m  step  7. 

9  For  each  row,  lariaf  dikita  50  uL  from  Column  1  through  Column  8  Mix  as  ai  slap  7.  Changing  of  tips  dunng  lha  serM  ddulian  It 
recommended  Dscard  lha  extra  50  uL  horn  Column  8 
to.  Covor  Ihe  plale  and  pra-lncubata  at  37*C  for  10  mmules 


Section  II.  Preparation  of  Enzyme  Substrate  Mix/Reaction  Initiation  and  Termination 

1  In  a  suHabtocontamar.  prepare  the  Enzyme/Substrato  Mix;  add  7.83  mL  of  37"C  water,  ISOuLol  HTS-760.  8od20uL  Of  25  mM 
MFC  to  2  mL  of  pre-warn>ed  BuSer.  Mix  well. 

2  Aftar  the  10  minute  pre-ineubaSon  of  the  plate  (Part  I.  Step  10).  remove  the  plate  from  the  aicubalor.  and  add  100  uL  of 
EnzyinafS«4>ttrata  Mix  to  Columns  1  through  10  of  ad  rows  of  lest  compounds  and  positive  oantrol  Dispense  the  liquid  in  a  stream, 
not  dropwise  Mixing  of  the  components  m  the  weds  it  dependent  upon  mixxig  dunng  dispensir^ 

3  Cover  the  plate  and  incubale  at  37*C  lor  30  minuies. 

4  Alter  30  minutes,  remove  the  plate  from  Ihe  Incubator,  and  add  75  uL  of  Slop  Raaganl  to  ad  weds  1  through  12  of  each  row  of  ICw. 
Dispense  the  liquid  In  a  stream,  not  dropwise 

S.  Add  100  uL  of  Enzyme/Subslrate  Mix  to  Columns  11  and  12  of  tech  row  of  ICxo.  These  weds  are  biwiks. 


For  Instructions  on  the  following  procedures  the  user  should  refer  to  the  Instruction  Manual  (for  8  plates). 
A  Preparing  Ihe  Standard  Curve(Secilon  III) 

B  Reading  the  Results  (Section  IV) 

C.  Analysis  of  Results/IC«  Caicutadon  (Sscbon  V) 
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APPENDIX  D 

EXECUTED  MATERIAL  TRANSFER  AGREEMENT  BETWEEN  USAPHC  AND  UC  DAVIS 


SUMMARY  OF  ACTION 

t  OATC  24  January  2012 

2  9UBJ6CT  UniverMty  of  California,  Davti  Maieriai  Trinjfer  Agrceiucni 

S,  OFFICE  SYMBO.  MCHB-IP-THE 

a  SUSPENSE  DATE 

s  PURPOSi  0»  ACTION 

Coord.nation  of  Miuriil  Ttwnfer  Agreement 

«  SUMMARY  OF  ACTION  ,  !«-<».  -•vm.lo-.  PNtWY  IW. 

Dr  Ad«r..  re<,uc*red  . cIl  line  frnm  rtte  Univereiiy  ofCUfomi.  to  hing  In  vitre 

•iiiimeni  uut  current  toxlcoloiy  approache*.  Focusing  on  (endocrine  disrupting  cticmicti)  FDC  Msaya  ana  the  HcLa 
by  USEPA)  iS^ctilsr.  In  review  of  the  eveilible  <bu.  q«*‘“**  ER  b 

l^the  im^oYod  BGI  rtteleg.  The  feet  ihst  tbo  BOI  line  e>c|>re>ees  both  («•««•"  '“7“ 
greeredvauige  ^  Uie  HeU  cell..  Although  .  tiered  to  l«tmg  (.luting  v-lrt  . 

^enmrioei  i.  tvsiciliv  followed.  HKRP  has  the  capaeit)  to  exploie  the  enviroomental  eootuninent  concerns  re  w^l  (e  g 

is  fo  meet  regulator,  erhen.  w.  can  espand  ou,  .(forts  .0  v-li4-c^  t« 
have  been  .upported  by  ICXIVAM  (Interegeocy  CooedmMing  Committoe  on  the  ValKtaton  of  Alt8ma.ive  Methods).  The  BOI 

cell  line  was  developed  using  public  dolinr.  and  is  aveilable  for  free  to  Foderelegetieles  _ 

(MTA)  is  requi,«l  .0  foeiliute  the  trentf.r  of  the  abcve-refueocul 
department  is  retiutrvd  to  review  the  agreement  prior  to  approval.  If  the  MTjA  It  awe^e  ^eise  ^ 
andhave  in  lothorired  ofOclal  of  you.  organiaallon  sign  the  MT  A.  and  .eod  a  copy  of  ihe  MTA  u.  me  by  e-m 

I  RtCOMMtNOATlON: 

Coordination  and  approval. 

1  s.  COOflOINATlONS: 

9  REVIFVVSJAP 

PROVALS 

OTFlCff 

NAME 

INniM.8 

DATE 

OPERATIONS 

INITIALS 

DATE 

MCHB'SM 

Ml  rfleawM 

PRO  MORAilV  CHIEr 

tXB 

MCKB  CS-RI 

Ms  OwrtM 

PT  EXEC  Of  CR 

V%A 

-~^7~7r~/  ^ 

PC  OSRECTOfl 

O-STAPf  3IHECI0R8 

“ 

REQtOMALCOR 

aoa 

ajphexec  ofcr 

mn 

IXRA»>H«*PTOTHECOR  C 

CM«F  OF  staff 

ijWH 

OEPOTY  COR  VET  Svca 

SOI 

C9M 

Kn 

COMMANDER 

me 

10.  ACTK3M  OFFICE 

Valeric  H  Adair 

R  (Nam*.  «rwM.  oaire  SymeW.  a  Pmt  nur^r) 

1».  GS-1 2,  MCHB-IP-THE.  436-5063 

It  SIOMATURE 

^ - - 

U8APHC  FORM  JS4-RE,  (MCHfl-COl  JAN  12 
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UNIVERSITY  OF  CALIFORNIA,  DAVIS 
MATERIAL  TRANSFER  AGREEMENT 

This  Aflreement  is  made  this  3*^0^  day  of  I _ _  by  and  behween  THE  REGENTS  OF  TrtE 

UNIVERSITY  OF  CALIFORNIA,  as  represeniad  by  its  Davis  campus  TUG  DAVIS’),  having  an  address  at 
the  DC  Davis  Innovation  Access.  Technology  Transfer  Services.  University  of  California,  Davis,  1850 
Research  Park  Drive.  Suite  100.  Davis,  California  9561 8-61 34,  and  THE  ARMY  INSTITUTE  OF  PUBLIC 
HEALTH  rRECIPIENT”).  having  Its  principal  place  of  business  at  Health  Effects  Research,  5158 
Blackhawk  Road,  Aberdee.n  Provirtg  Ground.  Maryland  21010-5403  (collectively  The  PARTIES^ 

The  RECIPIENT  has  requested  from  UC  DAVIS  the  MATERIAL  as  set  out  in  UC  Case  No  2011-003  and 
defined  In  Section  I.B.  below  for  the  RESEARCH  USE  defined  in  Section  I.F.  below  by  Ifw  RECIPIENT 
INVESTl(3ATOR(S)  defined  in  Section  t  .G.  betow  In  consWeratlon  of  the  supply  of  the  MATERIAL  from 
UC  DAVIS  to  (he  RECIPIENT,  the  PARTIES  agree  as  follows: 

1.  Definitlona 

A.  "ORIGINAL  TRANSFERRED  MATERIAL*:  The  physicat  material  actually  deliverBd  to  the 
RECIPIENT  by  UC  DAVIS,  as  identiltad  In  Appendix  A  attached  hereto  The  ORIGINAL 
TRANSFERRED  MATERIAL  contains  material  covered  by  Promega's  Limtied  Use  Label  License 
in  Appendtx  B  attached  hereto 

B  “MATERIAL*  ORIGINAL  TRANSFERRED  MATERIAL.  PROGENY,  and  UNMODIFIED 
DERIVATIVES. 

C.  'PROGENY":  Unmodified  descendant  from  the  MATERIAL  Examoies  include  but  are  not  limited 
to:  virus  from  virus;  cell  from  cell;  and  organism  from  organism 

D.  UNMODIFIED  DERIVATIVES*:  Substances  created  by  the  RECIPIENT  that  constitute  an 
unmodified  functional  sub-unit  or  an  expression  product  of  the  ORIGINAL  TRANSFERRED 
MATERIAL.  Examples  include  but  are  not  limited  to:  subciones  of  unmodified  cell  Nnes:  purifiad 
or  fractionated  sub-sets  of  the  ORIGINAL  TRANSFERRED  MATERIAL;  transcripboo  and 
translation  products  (e  g  ,  RNA  and  protein  derived  from  provided  DNA);  reverse  transcription  and 
reverse  translation  p^ucts  (e.g.,  DNA  synthesized  on  a  template  using  provtded  RNA): 
monoclonal  antibodies  secreted  by  a  hytorWoma  cell  line;  arxl  chemically-synthesized  copies. 

E-  “MODIFICATIONS*:  Substances,  exclusive  of  PROGENY  and  UNMODIFIED  DERIVATIVES, 
created  by  the  RECIPIENT  that  either  contain  or  incorporate  the  MATERIAL  or  wore  otherwise 
created  through  the  use  of  the  MATERIAL 

F.  “RESEARCH  USE“:  The  scientific  RESEARCH  USE  specified  In  Appendix  A 

G.  “RECIPIENT  INVESTKSATORfSr:  The  RECIPIENTS  scientific  investigator(s)  named  in 
Appendix  A. 

H.  “CONFIDENTIAL  INFORMATION*:  Information,  data  or  material  in  written  or  other  tangible  form 
relaled  to  the  MATERIAL  that  Is  toentihed  as  conlidential  at  the  time  of  disclosure. 
CONFIDENTIAL  INFORMATION  does  not  indude  information  which: 

(I)  the  RECEIVING  PARTY  can  demorstrate  by  written  records  was  previously  Imown  to  it 
(H)  at  the  time  of  disdoeure  is,  or  subsequenOy  becomes,  public  knowledge  other  than  through  acts 
or  omissions  of  the  RECEIVING  PARTY; 

(Bi)  is  lawfully  obtained  by  the  RECOVING  PARTY  from  sources  independent  of  the  DISCLOSING 
PARTY. 

(iv)  the  RECEIVING  PARTY  is  required  to  disctose  under  the  Califbmia  Public  Records  Act,  or 
(V)  is  otherwise  required  to  be  dtsctosed  by  the  RECQVING  PARTY  due  to  taw  or  judictai  action 
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2.  Twin»  ind  Conditions 

A.  Usfi 

L  Ttie  RECI  PI  ENT  Shall  use  the  MATERIAL  or  MODI  RCATIONS  solety  for  the  RESEARCH 
USE,  and  In  accordance  with  the  restrictiona  required  by  Promega.  as  specified  In  Appendces 
A  and  B  (with  respect  to  the  Promega  product).  Any  other  use  of  the  MATERIAL  or 
MODIFICATIONS  by  the  RECIPtENT  is  expressly  prohibited  wiftout  the  prior  written  ooneent 
of  UC  DAVIS.  In  addition,  the  RECIPIENT  shell  use  the  MATERIAL  or  MODIFICATIONS  in 
coroptance  with  all  appitcable  statutes  end  regulations,  including,  but  not  limited  to.  those 
related  to  research  Involving  the  use  of  artimais  or  recombinant  DNA.  The  MATERIAL  or 
MODIFICATIONS  may  not  be  used  on  any  human  subjects  or  for  commercial  purposes  or 
any  other  use  other  than  the  RESEARCH  USE. 

B.  The  RECIPIENT  Shall  not  analyze  the  MATERIAL  far  chemical  composition  or  physical 
structure  or  have  or  allow  any  component  of  the  MATERIAL  to  be  arialyzed  or  nnake  any  use 
of  any  such  analysis.  The  RECIPIENT  shelf  not  alter  the  chemical  structure  of  the  MATERIAL 
in  any  way 

Bi.  The  ORIGINAL  TRANSFERRED  MATERIAL  contains  materia;  covered  by  Promega's  Umitod 
Use  Label  License  In  Appendix  B  attached  hereto.  RECIPIENT  hereby  agrees  to  comply  with 
all  terms  set  forth  therein 

B.  Tanofale  Property  Ownership  UC  DAVtS  retains  ownership  of  the  MATERIAL,  ifvciuding  any 
MATERIAL  contained  or  incorporated  in  MODIFICATIONS 

C.  Confidentialitv  Any  CONFIDENTIAL  INFORMATION  disclosed  by  the  discloeing  party  to  the 
receiving  party  shall  be  treated  as  confidential  and  maintained  in  confidence  by  the  receiving 
parry  The  receiving  party  shall  not  disclose  any  CONFIDENTIAL  INFORMATION  of  Iho 
disclosing  party,  except  to  Its  own  personnel  who  have  a  need  to  know.  Without  limiting  the 
faregoing,  the  receiving  party  shall  take  at  least  the  same  steps  and  use  the  same  methods  to 
prevent  the  unauthorized  use  or  disclosure  of  CONRDENTIAL  INFORMATION  of  the  drsclosing 
party  as  it  takes  to  protect  Its  own  CONFIDENTIAL  INFORMATION  or  proprietary  Information. 

The  conficentiallty  obligations  of  each  party  under  this  Agreement  shal  remain  In  effect  for  five  (6) 
years  from  the  effective  date  hereof 

D.  Distfibution.  The  RECIPIENT  shel  not  transfer  the  MATERIAL  or  MODIFICATIONS  to  anyone 
other  than  to  one  who  works  under  the  direct  supervision  of  the  RECIPIENT  INVESTIGATOR 
within  the  RESEARCH  USE  without  the  prior  written  consent  of  UC  DAVIS. 

E.  DIsaosure.  Inventorship,  and  Intellectual  Property  Rights 

L  Disdoaure:  The  RECIRENT  shall  promptly  notity  UC  DAVtS  of  any  potenttelly  patentable 
diecoveries  or  inventions  made  ttirougn  the  use  of  the  MATERIAL,  whether  or  not  made  within 
the  specified  kmits  of  the  approved  RESEARCH  USE  The  RECIPIENT  shall  promptly  supply 
UC  DAVIS  with  a  copy  of  the  invention  discfoeure. 

H.  Inventorship:  Inventorship  shall  be  determtned  according  to  United  States  patent  law. 

i  Intellectual  Prcoertv  Rights  Coilaborattve  efforts  of  UC  DAVIS  and  the  RECIPIENT  may 
create  Inventorship  rights  under  United  States  patent  law  as  well  as  under  the  law  of  arry 
appUcabto  Jurisdiction  In  which  a  party  or  the  PARTIES  may  elect  to  file  patent  applicat)on(s). 
Each  party  shall  own  its  undivided  Interest  in  joint  inventions.  The  PARTIES  shall  cooperate 
in  discussing  and  securing  intellectual  property  rights  to  protect  potentially  patentable 
Inventions 
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iv.  No  Implied  Rights.  The  RECIPIENT  acknowledgee  that  the  MATERIAL  «  or  may  be  the 
subject  of  a  patent  application  Except  as  provided  in  this  Agreement,  no  express  or  implied 
license  or  o^er  rights  are  provided  to  the  RECIPIENT  under  any  patents,  patent  applications, 
trade  secrets  or  other  proprietary  rights  of  UC  DAVIS,  including  any  altered  forms  of  the 
MATERIAL  made  by  UC  DAVIS  In  particular,  no  express  or  implied  licenses  or  otnar  rights 
are  provided  to  use  the  MATERIAL,  MODIFICATIONS  or  any  related  patents  of  UC  DAVIS  Ibr 
commercial  use  or  any  other  use  other  than  the  RESEARCH  USE. 


L  Any  MATERIAL  delivered  pursuant  to  this  Agreement  Is  understood  to  be  expenmantai  in 
nature  arid  may  have  hazardous  properbes  UC  DAVIS  MAKES  NO  REPRESENTATIONS 
AND  EXTENDS  NO  WARRANTIES  OF  ANY  KIND,  EITHER  EXPRESSED  OR  IMPLIED. 
THERE  ARE  NO  EXPRESS  OR  IMPUED  WARRANTIES  OF  MERCHANTABILITY  OR 
FITNESS  FOR  A  PARTICULAR  PURPOSE,  OR  THAT  THE  USE  OF  THE  MATERIAL 
SHALL  NOT  INFRINGE  ANY  PATENT,  COPYRIGHT,  TRADEMARK,  OR  OTHER 
PROPRIETARY  RIGHTS. 

IL  Commercial  Use  (as  defined  in  Appendix  B)  of  MATERIAL  and  MODinCATIONS  is  expressly 
prohibited  under  this  Agreement 

G.  Liability:  The  RECIPIENT  assumes  all  NstxHty  for  damages  that  may  anse  from  its  use,  storage  or 
disposal  of  the  MATERIAL  or  MODIFICATIONS.  UC  DAVIS  shall  not  be  kable  to  the  RECIPIENT 
for  ariy  loss,  claim  or  demand  made  by  the  RECIPIENT,  or  made  against  the  RECIPIENT  by  any 
other  party,  due  to  or  arising  from  tha  use.  storage  or  disposal  of  the  MATERIAL  or 
MODIFICATIONS  by  tha  RECIPIENT.  Tha  REaPlENT  shall  Indemnify,  hold  harmless  and 
defend  UC  OAVIS  against  any  claims,  costs  or  other  liabilities  which  may  arise  as  a  result  of  the 
RECIPIENTS  use,  storage  or  disposal  of  the  MATERIAL  or  MODIFICATIONS. 

H.  Pieviraton  pf  Rasaarch  Results:  The  RECIPIENT  may  publish  or  present  results  of  research 
relating  to  the  MATERIAL,  provided  the  RECIPIENT  provides  UC  DAVIS  with  a  copy  of  any 
proposed  manuscript,  abstract,  poster  session  or  presentation  at  least  thirty  (30)  days  prior  to 
such  publication  or  presentation.  UC  DAVIS  shall  review  such  publication  or  presentation  for 
CONFIDENTIAL  INFORMATION  or  patentable  material  and  may  request  a  delay  of  the  proposed 
publication  or  presentation  for  up  to  an  additional  thirty  (30)  days  to  allow  for  the  removal  of 
CONRDENTIAL  INFORMATION  or  the  filing  of  patant  application(s).  Unless  UC  DAVIS  directs 
otherwise  any  pubbcaton  or  preaentatlon  reporting  the  research  carried  out  with  the  MATERIAL 
shall  contain  proper  referencing  in  academic  journal  format,  acknowledging  UC  DAVIS  as  the 
source  of  the  MATERIAL 

I.  Termination 

i.  Date:  This  Agreement  shall  terminate  on  tne  earliest  of  the  following  dates: 

(a)  on  completion  of  the  RECIPIENTS  current  RESEARCH  USE  with  tha  MATERIAL; 

(b)  on  thirty  (30)  days’  written  notice  by  one  party  to  the  other,  or 

(c)  one  (1)  year  from  tha  date  of  execution  of  this  Agreement  by  UC  DAVIS 

I.  Survivina  Obligations  Obligations  with  respect  to  Tangible  Property  Ownership  (2.B.), 
Confidentiality  (2.C.).  Disihbution  (2.D ).  Diadosure,  Inventorship,  and  Intellectual  Property 
Rights  (2  E),  Warranty  and  Licenses  (2.F.),  Liability  (2-G.),  PubUcabon  of  Research  Results 
(2.H ),  and  this  Section  (2.l.il)  shall  survive  termination. 

is.  Return  of  MATERIAL:  As  directed  by  UC  DAVIS,  the  RECIPIENT  shall  stop  using  the 
MATERIAL  and  snail  return  or  destroy  any  remaining  MATERIAL  on  the  termination  of  this 
AgreemenL 
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J.  Acplicabte  Law:  The  vaMity  and  lnterprataitK)>n  of  this  Agnaament  and  legal  relations  of  ttw 
PARTIES  In  the  parformanca  of  this  Agreement  shall  be  governed  by  the  taws  of  the  State  of 
CaKfomia  without  regard  to  conflicts  of  law  provisione. 

K.  Notice  Any  nobce  required  under  this  Agreement  shall  be  considered  property  given  and 
effecirva  on  the  date  of  the  postmark  If  mailed  by  prepaid  postage  Ikst-claM  c^fied  mafl;  on  the 
date  of  delivery  if  delivered  In  person;  or  on  the  date  of  receipt  if  mailed  by  any  global  express 
earner  service  d«at  requires  the  recipient  to  sign  the  documents  demonstrating  the  delivery  of 
such  notice.  Notice  shall  be  given  to  the  designated  authonzad  otncial  at  the  address  provided 
below; 


FQRntE  REOEHTS  of  the  UnivEWSITVQF  OUFORNtM 


Authorized  Offcial; 
Address: 


City.  State.  Zip: 
Country: 
Tetephooe: 
Fax: 


Executive  Director 
UC  Davis  Innovation  Access 
Technology  Transfer  Services 
Lfnfverslty  of  California.  Davis 
".850  Research  Park  Oriva.  Suite  100 
Devis.  095618^134 
USA 

(530)  764-8649 
(530)  764-7620 


FOR  RECIPIENT: 
Authorized  OffleW: 
Recipient  Institution 
Address: 

City/Stato/Zip: 

Country 

Telephone: 

Fax 


Director 

Army  Institute  of  Public  Health 

Health  Effects  Resaaren 

5158  Blackhawk  Roed 

Aberdeen  Proving  Ground,  MD  21010-5403 

USA 

(410)  436-8717 
(410)  436-6258 


[Remainder  of  this  page  intentxxially  left  blank.] 
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3. 


ggmriyWAarwnHnt 

Thi»  Agreement  constitutes  all  the  agreements  between  the  PARTIES,  both  wrttlen  and  oral  with 
respect  to  the  subject  matter  hereof  Al  prior  agreements  respecting  the  subject  matter  hereof,  either 
written  or  oral,  expressed  or  implied,  between  the  PARTIES  are  hereby  cartceled.  This  Agreement 
may  be  executed  In  any  number  of  cqunterparto,  including  tacatmile  or  scanned  PDF  documents. 
Each  MCh  cou'nisrpait,  facsimile  or  scaring  PDF  document  shall  be  deemsd  an  original  Instrumant. 
and  all  of  such  counterparts,  together,  she*  oonslitLite  one  and  the  same  executed  Agreement, 


The  Regents  of  the  l*avERsmr  of 
Cmjfornia 


1 0.  Carmikle 

nior  Intellectual  Property  Officer 
Technology  Transfer  ^rvices 


o^Albl  ZOiT^ 


UC  DAVIS  INVESTIGATOR  end  RECIPIENT  INVESTIGATOR  ecknowledge  reaclng  and 
understanding  this  Agreement  and  shal  abide  by  the  terms  end  conditions  thereof 


UC  Davis  investigator 


Name;  Michael  Denison,  Ph.O. 
Tele'  Professor 


Pest  'XQy’Z^ 


Recipbnt  Investigator 


Name  Valerie  Adams.  Ph.O. 
Title  BioioorSt 

Date:  2012  MARCH  21 
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APPENDIX  B 


pGL3  Luciftra—  R»i><»t>f  Vectort 

PatentB/DlscIa  I  nwre 
''llMITED  USE  LICENSE 

For  research  use  only.  The  terms  of  the  IlmAed  license  conveyed  with  the  purchase  of  this  product  are  as 
folows:  Researchers  may  use  this  product  In  their  own  research  and  they  may  transier  derivatives  to 
ottters  for  such  research  use  provided  that  at  the  time  of  transfer  a  copy  of  this  label  license  is  given  to  the 
recipients  and  the  recipients  agree  to  be  bound  by  the  ootxiaions  of  this  label  license.  Researchers  shall 
have  no  right  to  modify  or  otherwise  create  venations  of  the  nucieottde  sequence  of  the  luctferase  gene 
except  that  Researchers  may:  (1)  clone  heterologous  DMA  sequenciis  at  either  or  both  ends  of  said 
luciferase  gene  ao  as  to  create  fused  gene  sequences  provkM  that  tna  coding  sequence  of  the  resutting 
luciferase  gene  has  no  more  than  four  deoxynudeotides  misaing  at  the  affected  terminus  when  compared 
to  the  intact  luciferase  gene  saquerce.  and  (2)  Insert  and  remove  nucleic  acid  sequerKes  In  furtherance 
of  splidng  research  predicated  on  the  Inactivation  or  reconstitution  of  the  luminescent  acttvity  of  the 
encoded  luciferase  In  additxjn.  Researchers  must  do  one  of  the  followtng  (1)  use  luminescent  assay 
reagents  purchased  from  Promega  Corporation  tor  al  determinations  of  luminescence  activity  result^ 
from  the  raaearch  use  of  this  product  and  its  derivatives;  or  (2)  contact  Promega  to  obtain  a  license  for  the 
use  of  the  product  and  its  derivatves  No  other  use  or  transfer  of  this  product  or  its  derivatives  is 
authorized  without  the  express  written  consent  of  Promega  including,  without  limitalion.  Commercial  Use 
Commerciai  Use  means  any  and  all  uses  of  this  product  and  derivatives  by  a  party  for  monetary  or  other 
considaration  and  may  include  but  is  not  limited  to  use  in:  (1)  product  manufadure;  and  (2)  to  provxie  a 
service.  Information  or  data;  and/or  resale  of  the  product  or  its  derivatives,  whether  or  not  such  product  or 
derrvativeB  are  resold  for  use  in  research.  With  respect  to  such  Commercial  Use,  or  any  diagnostic, 
therapeutic  or  prophyiactic  uses,  please  contact  Promega  for  supply  and  lioeneing  information.  If  the 
purchaser  is  not  wiing  to  accept  the  conditions  of  this  <imltad  use  stetemenL  Promega  is  willing  to  aooept 
the  return  of  the  unopened  product  arM  provide  the  purchaser  with  a  ful  refund.  However,  in  the  event  the 
product  is  opened,  then  the  purchaser  agrees  to  be  bound  by  the  conditions  of  this  limited  use  statement. 
The  above  license  relates  to  Promega  patents  and/or  patent  applications  on  improvements  to  the 
luciferase  gerte 
•’'u  s  Pat  No  5,670,356 

•The  method  of  recombinant  expression  of  Coleoptera  luciferBse  is  covered  by  U.S.  Pat.  Nos.  5,683,024, 
5.674,713  and  5,700,673.  A  license  (from  Promega  for  research  reagent  products  and  from  The  Regents 
of  the  University  of  California  for  all  other  fields)  Is  needed  for  any  commercial  sale  of  nucleic  acid 
contained  within  or  derived  from  this  product 
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APPENDIX  A 


1.  ORIGINAL  TRANSFERRED  MATERIAL: 

Recomblnam  BG1Luo4E2  human  ovarian  carcinoma  calls,  which  are  BG-1  calls  that  have  been  stably 
transfactad  with  the  estrogen  receptor-responsive  firstly  luciferasa  reporter  gene  plaened.  pGodLuc?  Oere 
(which  contains  estrogarvresponsivo  etemerrtt)  Please  refer  to  Rogers  and  Denison  (In  VHro  and 
Molecutar  Toxicology  1 3, 67-82  (2000))  tor  detaSs.  The  pQL3  Luciferase  Reporter  Vector  rpGL3")  was 
purchased  from  Promega  arxJ  is  for  non-cHnical  and  non-commercial  research  uses  only-  pGL3  is 
covered  under  Promega's  Limiled  Use  Label  License  In  Appendix  B  attached  hereto 


2.  RESEARCH  USE: 

The  ORIGINAL  TRANSFERRED  MATERIAL  Is  provided  to  the  RECIPIENT  tor  the  detection  of  estrogenic 
and  antlastrogenic  chemicals  for  non-cMnical  and  non-commercial  research  purposes  only. 


3.  RECIPIENT  INVESTIGATOR  (namel: 
Valerie  Adams.  Ph.O. 


